AbSTRAcT. The genetic variability for a sample of 227 animals from three populations of Pantaneiro horses was estimated using data from 10 microsatellite loci. The number of alleles and the proportion of heterozygosity indicated high variability. A total of 91 alleles were found, with a significantly high mean number of alleles. The mean polymorphic information content was 0.7 and the paternity exclusion probability was 99.3%. The inbreeding coefficient (F IS ) was low for the three populations: Ipiranga (F IS = 0.147), Nova Esperança (F IS = 0.094) and Promissão (F IS = 0.108). Genetic differentiation among all three populations was low (F ST = 0.008 to 0.064). Three methods were used to test for a recent bottleneck effect. The graphical method and the Wilcoxon test using the stepwise mutation model showed no bottleneck pattern for any of the populations. The test by two-phase mutation model showed genetic signatures of bottleneck for Ipiranga and Promissão. When we consider standard deviation value for Nova Esperança, the M-statistic detected a bottleneck pattern, but this result could be explained by a sample size effect. Therefore, there is no immediate cause for concern regarding loss of variation within the breed.
The Food and Agriculture Organization of the United Nations (www.fao.org/dad-is) has cited the Pantaneiro horse as an endangered breed. The crossing with other races and diseases such as trypanosomiasis and equine infectious anemia (Cothran et al., 1998 ) have contributed to a significant reduction in the number of these animals.
Microsatellite DNA has been used for studies of genetic variability and population structure in horse breeds (Jordana et al., 1999; Cañon et al., 2000; Baumung et al., 2004) . Also, microsatellites have been recommended for routine paternity tests (Galov et al., 2005) . Genetic characterization is the first step in the conservation of breeds, and in the determination of future breeding strategies (Solis et al., 2005) .
Few genetic studies of Pantaneiro horses have been published, especially about genetic markers. Therefore, the goal of the present study was to analyze the genetic variability of Pantaneiro horses and to assess whether any bottleneck patterns exist. Genetic diversity in the Pantaneiro horse
MATERIAl AND METHODS

Sample collection
Blood samples were collected from 227 individuals at three ranchs: Fazendas Ipiranga (N = 126), Nova Esperança (N = 14) and Promissão (N = 87), located in the municipal district of Poconé (Mato Grosso State, Brazil). DNA was extracted following Medrano et al. (1990) and stored at -20°C.
Microsatellites
Ten loci of microsatellites were used in this study: VHL150 (van Haeringen et al., 1998) ; VHL20 (van Haeringen et al., 1994) ; AHT17, AHT20 (Swinburne et al., 1997) ; HMS02, HMS06, HMS07 (Guérin et al., 1994) ; HTG04, HTG06, and HTG08 (Ellegren et al., 1992) . The criteria used to select these loci were the high level of heterozygosity, large number of alleles and easy amplification. However, because of problems with amplification, locus AHT20 was not included in the analysis of the results for Fazenda Nova Esperança. PCR was performed in a 15-µL volume containing 50 ng genomic DNA, 1.5 mM MgCl 2 , 1 U Taq DNA polymerase, and 200 µM dNTPs. The DNA was initially denatured at 95°C for 10 min, followed by 30 cycles at 94°C for 1 min, 55° to 60°C for 30 s, and 72°C for 1 min. The sizes of DNA fragments were determined using a 25-bp ladder (Invitrogen) as molecular weight marker. PCR products were separated by electrophoresis on 6% gels under denaturing conditions, followed by silver staining according to the procedure of Bassam et al. (1991) .
Statistical analysis
Genetic diversity within each of the three populations was measured as the number of alleles per locus (n), observed heterozygosity (Ho) and the heterozygosity expected (He) from HardyWeinberg proportions (Nei, 1978) . The mean number of alleles per locus was calculated using the AGARst program (Harley, 2001) . The observed and expected heterozygosity per locus and in each population were estimated using the statistics program Arlequin 3.0 (Excoffier et al., 2005) .
Genetic differentiation among and within the populations of Pantaneiros was estimated based on unbiased F-statistics according to Weir and Cockerham (1984) , using the Fstat 2.9.3 program (Goudet, 2001) . Significance levels (P = 0.05) were corrected for simultaneous comparisons with the sequential Bonferroni test (Rice, 1989) . The allelic frequencies, polymorphic information content (PIC) for each microsatellite and the average paternity exclusion (PE) probabilities were estimated using the Cervus 3.0 program (Marshall et al., 1998) .
In order to detect genetic signatures of bottlenecks, three methods based on changes in allele frequencies were used. The first is a graphical method that tests a deficit in rare alleles in a sample of loci (Luikart et al., 1998a,b) , based on the shape of the allele frequency distribution curve. An L-shaped distribution is expected under mutation-drift distribution. Bottlenecks cause a characteristic change in the distribution of allele frequencies: loss of low-frequency alleles and increase in relative abundance of intermediate and high-frequency alleles. The alleles were grouped into ten frequency classes (0-0.10, 0.11-0.2 and so on until 0.91-1.0). The second method tests for excess of heterozygosity compared to the values expected from the observed number of alleles at each locus and population, assuming mutation-drift equilibrium. Significant departures from this equilibrium were identified using the Wilcoxon signed-ranks test as implemented by the program Bottleneck (Cornuet and Luikart, 1996) . The computations were based on both stepwise mutation (SMM) and two-phase mutation (TPM) models (Di Rienzo et al., 1994) . The third method, the mean of the ratio of number of alleles to range of allele sizes (M), was described by Garza and Williamson (2001) . For bottleneck populations, the allele number is expected to be reduced more quickly than the range of allele size, leading to reduced values of M. The M values were calculated using the AGARst program (Harley, 2001 ). The critical value used was that proposed by Garza and Williamson (2001) , where values of M less than 0.68 characterize a bottleneck population.
A Bayesian MCMC approach was used in order to examine the distinctiveness of populations and the clustering of individual genotypes using the program Structure (Pritchard et al., 2000) .
RESulTS
Genetic variability
The number of alleles per locus, the length of fragments, Ho and He, PIC value, and probability of PE are shown in Table 1 . A total of 91 alleles were obtained from the ten polymorphic loci analyzed, with the mean number of alleles per locus of 9.1. The number of alleles per marker ranged from 6 for AHT20 and HMS06 to 13 for VHL20, AHT17 and HTG06, the across-loci Ho value ranged from 0.403 for AHT20 to 0.888 for AHT17, and the He ranged from 0.519 for AHT20 to 0.880 for VHL20.
The PIC values found in ten loci ranged from 0.476 in AHT20 to 0.866 in VHL20, with all loci being highly informative (Botstein et al., 1980) and the mean PIC value = 0.706 (Table 1) . The probability of PE by locus ranged from 0.146 for AHT20 to 0.604 for VHL20, and for the complete microsatellite dataset the probability of PE was 0.993 (Table 1) Table 1 . Genetic variability at ten microsatellite loci for the Pantaneiro horses.
Number of animals tested (N), number of alleles per locus (n), size range (bp, base pairs), observed heterozygosity (Ho), expected heterozygosity (He), polymorphism information content (PIC), probability of paternity exclusion (PE).
The population that showed the highest allelic variability was Ipiranga with 82 alleles (an average of 8.2 alleles per locus). Horses at the Nova Esperança Ranch showed the smallest number of alleles, with an average of 4.9 alleles per locus. The loci with the highest number of alleles in the Ipiranga herd were VHL20 and AHT17 with 13 alleles. In the Nova Esperança herd, the locus with the highest number of alleles was VHL20 (8), and in the Promissão herd it was HTG06 with 12 alleles ( Table 2 . Microsatellite genetic variation in three populations of Pantaneiro horses.
*P < 0.05 after Bonferroni correction for multiple tests. Number of alleles per locus (n), observed heterozygosity (Ho), expected heterozygosity (He), inbreeding coefficient values (F IS ), and gene diversity (Nei, 1978) per population. N, sample size; NA, not available.
A total of 11 exclusive alleles were observed at Ipiranga, only 1 exclusive allele at Nova Esperança, and 8 at Promissão. The allelic richness (A), calculated as the mean number of alleles per locus per population, was lowest for the Nova Esperança herd ( Table 2) .
The He values for each locus ranged from 0.403 for VHL150 at Nova Esperança to 0.891 for VHL20 at Promissão. The Ho values ranged from 0.352 for AHT20 at Ipiranga to 0.928 for AHT17 at Promissão. Values of Ho for each population for all the loci examined were 0.352 ≤ Ho ≤ 0.873 for Ipiranga, 0.375 ≤ Ho ≤ 0.857 for Nova Esperança and 0.368 ≤ Ho ≤ 0.928 for Promissão (Table 2) .
Six loci at Ipiranga and seven at Promissão showed significant deviations from the genotype proportion expected according to the Hardy-Weinberg equilibrium after the Bonferroni correction for multiple tests (P < 0.005; Table 2 ). Only one locus (HMS06) for Nova Esperança showed significant deviations according to the Hardy-Weinberg equilibrium. AHT20 was not assessed.
The inbreeding coefficients (F IS ) estimated according to Weir and Cockerham (1984) are shown in Table 2 . The results showed a lower value for Ipiranga (F IS = 0.147; P = 0.0017) than for Promissão (F IS = 0.108; P = 0.0617) and Nova Esperança (F IS = 0.094; P = 0.0017); however, values for Ipiranga and Promissão were significantly different from zero, even after α levels were corrected for multiple tests (α = 0.0016).
Genetic differentiation and bottleneck effects
Low genetic differentiation among populations was found, with pairwise F ST coefficients ranging from 0.008 between Nova Esperança and Promissão to 0.064 between Ipiranga and Nova Esperança (Table 3) . Using a Bayesian MCMC approach and considering a range of one to three potential populations (Figure 2 ), the probability value obtained for three populations (K = 3, mean value of ln likelihood = -5257.9 ± 33.4) was higher than for two (K = 2, mean value of ln likelihood = -5409.0 ± 16.9) and one population (K = 1, mean value of ln likelihood = -623.6 ± 6.3).
Ipiranga
Nova Esperança Promissão Because the Bottleneck computer program detects bottlenecks within the last 12 to 15 generations and considering that the minimum generation interval in horses is eight years (Ollivier, 1999) , 12 to 15 generations would represent the last 96 to 120 years. The distribution of allele frequencies for the three populations showed no differences from the expected L-shaped patterns observed in stable populations (Figure 3) . The test for excess heterozygosity produced non-significant P values based on the SMM. However, the test based on the TPM produced significant P values for Ipiranga and Promissão. Genetic signatures of bottlenecks from Garza and Williamson's M were only marginally observed for Nova Esperança, with an M value higher than the critical value (0.68) but with a high SD value (M Pop2 = 0.71 ± 0.21) ( Table 4 ). 
DIScuSSION
Few genetic studies have been performed on Pantaneiro horses. Cothran et al. (1998) used seven blood-group loci and ten biochemical genetic loci in Pantaneiro horses to compare them to other domestic horse breeds. Analysis of genetic relationships showed that there is no immediate concern regarding loss of variation within the Pantaneiro. Fuck (2002) used 13 RAPD loci to characterize this breed, and the results showed differences within populations. A morphological study by Miserani (2001) with animals from the Brazilian States Mato Grosso and Mato Grosso do Sul showed little morphological variation, i.e., phenotypic uniformity.
Although Pantaneiro horses live exclusively in the central-western region of Brazil, levels of microsatellite variability were high compared with other equine breeds. We detected 91 alleles for 10 polymorphic loci, thus a mean of 9.1 per locus. The mean numbers of alleles per locus reported for other breeds are: 7.06 (range 3-77) for Lipizzaner horses (Achmann et al., 2004), 10.58 (range 6-14) for Mediterranean horse breeds (Marletta et al., 2006), 10.41 (range 7-13) for Portuguese horse breeds (Luís et al., 2007) , and 6.0 (range 5-12) for Spanish Trotter horses (Azor et al., 2007) .
When the herd from each ranch was analyzed separately, differences were observed with respect to allelic richness. Ipiranga (8.2) and Promissão (7.8) showed higher mean numbers of alleles than Nova Esperança (4.9), which showed low allelic diversity, probably because of the small number of samples taken there.
Individual PIC values were highly correlated with the effective number of alleles detected for each corresponding locus. AHT20 showed low variability and PIC values, and VHL20 and AHT17 showed high variability and the highest values of PIC.
Using 10 microsatellite loci, we found a global PE value of 99.3% for the three populations. All loci contributed to the PE value. This result is similar to those reported by Galov et al. (2005) in Lipizzaners (99.5%) and by Luís et al. (2002) in Lusitano and Garrano horses (99.6 and 99.5%, respectively). The high PE value indicates that the microsatellites for horses are appropriate for a routine parentage test for Pantaneiro horse populations.
The data obtained indicate that the three herds of Pantaneiro horses show high levels of heterozygosity (0.628; Table 1 ). Published reports of polymorphisms with microsatellites in other equine breeds range from 0.610 for the Zanskari horse breed (Behl et al., 2006) , 0.663 in Lipizzaners (Achmann et al., 2004) , 0.647 for Spanish Trotters (Azor et al., 2007) , 0.745 for Garranos, and 0.677 for Lusitanos (Luís et al., 2002) .
Considering that the Pantaneiro breed is found only in the Pantanal region and these animals are adapted to this region, the population coefficients showed low values of F IS and F ST , which indicate a low rate of inbreeding and high gene flow among the farms. These results suggest that local breeding management is responsible for this variation.
To test for a recent bottleneck effect, three methods were used. The graphical method and the Wilcoxon test using the SMM showed no bottleneck pattern for any of the three populations. However, for the Wilcoxon signed-ranks test by TPM, Ipiranga and Promissão showed genetic signatures of bottleneck. Also, when we consider SD value for Nova Esperança, the M statistic detected a bottleneck pattern. These could suggest a possible recent effect, but may be explained by the small size of the sample from this population.
In addition to the present high genetic variability, which allows us to be more optimistic regarding the breed's vulnerability to extinction, there are several other reasons to conserve it. First, it is economically important, being the means of transportation and locomotion for many native people in the Pantanal. Second, the Pantaneiro horse has a distinct historic and cultural value for the people of Pantanal. Third, the scientific value of the breed is high because it carries genetic information since the colonization period and has acquired specific characteristics that if lost could not be regained.
Our results indicate no grounds for immediate concern with respect to loss of variation within breed. This study contributes to the practical understanding of the genetic variability of the Pantaneiro horse.
